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v1de an easy method ofesumatmg the static and dynamic stabxhty
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" LIST OF SYMBOLS"

a o S o ‘Lecal speed of "'so‘ind,‘ ft/‘se’c, |
o RN 2b
AR o N S ‘Aspect ratlo = -C-for rectangular fin or

4 tan € for. delta fm o

b, - Totalspan=2b+d, ft

c . Fin root chord, ft
Cl, ‘ - o - ' '7 Rollrng moment Acoe’ffircient = qo'Sd>
Cm T T Pitching moment eeefficre‘nt = Ivéd o
B Cﬁ S S 'Normal“ferce eoefficient
AN , : E , o qoS
d o - - Body d1ameter (ft) 1 cahber :
K o 7 | | . o | , | ;Morlkawa s rnterference factor "
LY o : | o  ' "Ro‘ll‘in‘g‘ ‘rhoment,_ft“‘-irib g
“ M S - - o R VPitehi‘ngl moment, ft - lb'
Moo :Free stream Mach number = 1;2
-N‘ ’Normal force, lb -
Poo s - - : - Free stream stat1c pressure, lb/ftz
| | 7 N Roll rate, ra.dlans/sec : :
| ‘ thch rate, radxans/see . ‘ o
~ qo | B | o 1Dynam1c pressure = y/ZPooMoo , lb/ftzr
f o Maxxmum body cross-sectional area
S ' | -zdz ft" o
V;, . ' o » . Free stream ‘veloeity‘,rrft/‘sec;
- Xcp ) B ~Center of pressure bosition, cal.
,a . o o - Angle of attack, radians
N ' Ratio of specific heats = 1.4 for air
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6 Fin cant, radians
€ Fin leadmg edge angle, measured from
. root chord degrees
BN B Diameter to total span 'ratio =5
o SUBSCRIPTS

@ . o - Rate of change'with“r‘esbec.‘t, to a

76 o Rate o‘f‘charige'with respect fo 65

: p ) _ T » ' Rate ,of‘chahge with ’resrpectrto p o

q. - , . ~ Rate of change with respect to q .
B o “Body |
7 F / ~ .Fins

F+1 ' Fins + Interferences ,
T Body + F1ns + Interference (1 e. total)

o) THER COEFFIC‘IEN TS .
Cm. = 8Cm Pitch damping coefficient
q &‘i) T o
2V
aC} S L
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- INTRODUCTION -

' Aerodynamm design of a m1ss11e involves the study of many
different configurations and small variations thereof to determine

~ optimum design. The purpose. of this report is to reduce the time for

,determmmg deslgn through the use of parametncally tabulated da.ta.

: Aerodynamlc ‘coefficients whxch can be evaluated from thxs report = -

~are: normal force, total configuration center of pressure position, o
pitch (or yaw) damping, rolling moment, hinge moment, and control

force for movable fins with the body of the m1s51le at zero angle of
attack :

METHODa-

o Body a.lone aerodynamms -were obtamed from wmd tunnel tests of
" 4.0 caliber tangent ogive- -cylinder bodies through the subsonic and -
transonic range, (Ref. 1), from theory (Ref. 2) and wind tunnel data
(Ref. 3) through the supersonic range. The data were in close agree-
. ment as can be seen from Fxgures 1 through 6. " ‘ :

© Fin alone l1ft was. obtamed from lmear theory whxch is presented B
in Fxgures 7 and 8 and the fxn center of pressure from References 4
and 5. ‘ : ,

Fm-body interference 11ft was obta.med from References 4 and 5
a.nd the center of pressure of the 1nterference for Reference 6 '

The value of CN for the body-fm combmatmn is: '

CNQT = CNQB + CNa.F + CNaF(B) + CNaB(F)
 where
CNgB = Body alone cN

CNo,F Fm alone CN




CNqoF(B) =Hbod'y hor:hai force coefficient carry. overrfdonto the fins.

V' CNGB(‘F) = fin'hormal‘ forrce' coeffioiént carry‘ove'r‘ onto the body.
CNGF(B) = ONgF KF(B)
CNQB(F) CNQF Kp(F)
where KF(B) and KB(F) are Morikawa' s mterference factora

e e
‘KF(B)‘)\’_b;‘-‘ - T

‘KB(F) = from Refs 4 a.nd 5.
,The center of pressurerof the body-frin cox‘fnbih:ation “ig‘:"

‘VXCPT

~ CN,B- XCPB+CN F. XCPF+CN F(B) - XCP_@)+CN B(F) XCPB(E)_

cNa
e Where - 7 : : :
. fxich E = Body alone ch
“XCPF = ‘Fin alone ch

XCPF(B) = ch of mterference of the body on the f1ns
XCPB(F) = ch of mterference of the fms on the body

Interference effects were combmed w1th the fin alone. 1n the
followmg manners: : : ‘

CN T = CNB+CNF+1
fwhere :

B cN oF 417 CN F(l + KB(F) + KF(B))

o ' 'CNB 3’\CP3+CNF+I XCPr +1
and XCPT —— - ——

CN T
" where ' : S T o
- | CN F- XCPF+CN B(F) XCPB(F)+CN F(B) XCPF(B) o
CPRarT CNgF +1 .



or : : : S
o XCPF + KB(F) XCPB(F) * KF(B) XCPF(B)
- XCPF +17 R KT

where KI‘ = 1 + KB(F) + I\F(B)

'Tables I and II contain CN oF +1 and XCPF + 1 values estlmated by
the precedmg method .

The. de51gner of movable fins used for control is mterested in the -
lift obtamable by deflecting the fins. . This lift coeff;cxenthas been :
defined as ‘CNé and is not equal to CN'QF +1- KF(B) =0 for the fins

~at an 'angle of attack and the “body at zero anﬁle of attack. There would
still be a carry over of lift onto the body due to the fin downwash .
, Therefore KB(F) )ﬁ 0 -

It was assumed that KB(F)é = KB(F)Q ‘

That is, the interferenrce of the fins,on,the‘ body will be the, same
‘whether the fins alone are at an angle of attack or the fins and body
are at an angle of attack. Values of CN’G' a're‘gifven,in Tables I Vand, ‘

' DYNAMIC STABILITY ESTIMATION

The dampmg in p1tch term, ‘Cmq" isa result of the fms and body -

experlencmg an effectxve angle of attack change due to pitch angular -
-velocity. This effective angle is proportional to the distance from the
center of gravity and pitch rate and’ indirectly proportlonal to the free

‘'stream velocity. The restormg moment is proportional to the effective

| ‘angle of attack, the lift' at that location, and the dxstance from the
, center of gravxty I.f Cm mg is defmed as

Co _8Cm
Mq. a(L

C = - (Xep = ' L
then cmq = ch oB!XcPp - X,cc) ch oF + I( cc; xch + I) ‘

- if the body 1lift is sxtuated entxrely at the body alone center of pressure

position and the fin 1ift is acting enttrely at the fin center of pressure



o Thrs equatron was chosen as the srmplest method of accurately
- evaluatmg Cm mg. afterathorough hterature survey of avaxlable theorxes

and comparxson thh wmd tunnel data

‘ : Results from the above equatlon, ‘when compared w1th transomc 7
wind tunnel tests of finned bodxes similar to those of this study agreed o e
: thhm the- accuracy requlrements for the experxment N
’ , Values of CN B and XCPB are glven in Table III CN F +1
' and XCPF + 1 values are ngen in Tables Iand 11 from whlch Cm

acan be readlly calculated

”EVA'LUATION OF ROLLING‘MOMENT;COE‘FFICIENTSV f

Slender wmg theory was used to predlct the rollmg rnoment coef— ‘

~ ficients for both- rectangular and delta planforms. This was felt

- Justrfxable for two reasons. (1) The fins considered in this study are

of low aspect ratio and (2) slender wing theory matched the rolling
characteristics obtained from flight test data for missiles. whzch were
“ equlpped with low aspect ratlo rectangular f1ns '

Val fil-P-r'vvdclé ke f Ref 7.7f h
a ueS 0 AR Va.‘n : AR Were ta- en rom e erence 7 Or the

.flns selected in- this study. Since the coeffrcxents of Reference 7 were
based on total span and wing area 1nclud1ng the hypothet1cal extensron
through the body, they were multiplied by the necessary factors to
base‘them on body diameter and body cross-sectional area:

: CL s ba?
G = - —B x AR x fmx(—"—)

‘AR - Sre‘f‘r a/
C R ‘ - .
L 16 sfm by
2] | — X X o X e
) -c—l:é AR ‘ AR Sref -.d .
bt
where AR =—
Sfm '

and’ Sfjn = area of 2 fins + hypothetxcal extensron through the body are
: the def1n1t10ns used in Reference 7. :




o : C - 2 SR
o p AR “Sf‘in . Sref ‘ a/

or . -
AR - md/
C— Cl6 xi(_‘é)s .
' 16 AR a/

- 'Values of Cl -and Clé are ngen in Table VI and plotted in F1gure 15

for purposes of 1nterpolatmn

~"SUMMARY AND C,OVNVCLAUSIO,NS -

- From theoretical considerations it has been determined that, for
a constant span, variations in the aspect ratio of rectangular fins have
‘more effect on the total configuration center of pressure position than
' the same variations in delta fins. The center of pressure position of

 rectangular finned bodies moved forward more rapidly at high Mach

~ numbers with increasing aspeVCt"ratiio as indicated in Figures 9 and = =
12. ' ' S -

Because the center- of pressure posxtlon for the total conﬁguratxon
- moves more rapxdly with varying aspect ratio supersomcally than -
‘ subsomcally. by the proper selection of fin span and aspect ratio it is
_ possible to control the Static Margm vs. Mach number, where
' Statlc Margm = XCPT - xCG

Flgures 10, 11 13 and 14 1nd1cate the effect of fm size and body o
‘length on the- center of pres sure movement with respect to Mach
number. o S L -k

I fins are used for control as well as stability, delta fins wxll

K probabl)r be more desirable than rectangular fins because of the -

- smaller fin center of pressure movement. The hmge line can be

: _pomtxoned to give a smaller hinge moment in the case of delta fins of
: the same area and span as rectangular fins. ' ‘

These aerodynamxc coeffrcrents are assumed to be suff1c1ently
'accurate for prehmmary mxss11e des1gn purposes. :




Lmear mterpolatxon can ‘be used for body 1engths other tha.n those

" in Table III and for fms of different aspect ratio than those hsted in

Table I, II, IV, and V. Coefficicnts for fins of different spans than
- those hsted in Table I, 1, IV, and V can not be lmeam 1nterpolated

and. should be plotted on semllog paper thh CN F + I' XCPF + 1

on the logarxthm axis and \ on the lmear axis.
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- TABLE I
" RZCTANGULAR FINS

CA=0.4

AR =0.50 AR = 0. 7574 "AR;-1700v AR =1.50 ,
Mé Nar+r XCPpyp CN¢:F+1 : CPF+i ‘CNaF+I CPF+I ?CN§F+I xCPF+1’f."
0 848 2.5 - 8.09 L3 779 fl.ié R ‘,?77;,e
.4 853 2.56 8.24 . 1.6 7.89 1.20 . 7.19 s |
8 8.86 ,2,77‘ 9.12 1.79 e‘g.zs - £,31"‘ 8.88,;‘1';84,”,
1.0 9.43 3.00 9.9  2.00 9.52 1.50  10.48 ~ 1.00
L1955 241 io.1af  151 9.83 1.08 ~11;oé s
1.2 9.66 229 10.44  1.40 10.11 .98 s s
S L3 9.83 219 105 133 1036 .91 1029 .5
1.5 10.28 205 10.86 ‘1,;2,'*16.33‘77  ,84‘::‘8.381_“~.§2",ir' 
L 16.72 189 10.7% L1l 9.08 .79 653 .52
2.0 101 181 1014  1.08 810 .78 5.6l .52
2;5"e1o.§z:;f 1.66 8.26 106 645 8 42 .52
3.0 9.60 160 6.89  1.03 528 .77 344 52
o 3.5 855 L5T 5.77 103 432 7290 2

- Note: (1) A11 fm centers of pressure are
I - measured in ca.hbers £rom the base
of the £m.

(2) CN oF + 1 is the hft coeffxcxentr

‘of two fins. -

22




. vt
oty e AT TR

M

AR =0.50

Xz 0.5

" TABLE I. - Continued

AR =0.75 AR =1.00 AR =1.50

: 1.0
| 1.1
7\1;2’7

71.5'_

1.5

 ; 1;3‘ 

‘.>2.o -

s

3.0

3.5

4.81 .

. 5.00

386

4;18 .
4,22

4,45

4;37 ,
“92 -
.99,
5.19
5.36

5,66

46,42

‘1{76
Ll
. 1555;
12,00
1.57
1.47
,1940
1.32
1,22
Ry Z'

1.10

1.08

1.06

3§9§ ‘
4.08
’74458;
15;08'
7~5;17
sa29

i
539

4,71

3.75

3.10

2.61

1.09
110
20

133

.98

.90

.86

A

72
o
.70

?‘70,

3.8
3.90
 4.86
4.99
5,09
5.4
:a
414
3,66
2.91
2,40

1.99

.80

.88

.69

.63
.59
.55 -
Csh
.53
.53
.52

.52

.80

348
RERTS
e
5335 
5.57
5.46 

- 4.80

3.79

E 2;94‘¢

jz;sa,v'
1,97 |
L6l

S 1,37

51

€y per Xepoio G X S C X p Co o X
@ “NgF+l TCPF+1  NaP+1 CPpar - NeF+r CCPR4I NgF41  CPpyp

L 52

.56

.67

.38

.36

.36

.35

L35

.35

.35

:23 o

35




' TABLE L. - Concluded

Y X -
AR=0.50 AR =0.75 = AR=1.00 = AR =1.50
Mg Cy +

’ Xep. . Cy . Xepe.s G, R R S
NF+L - “CPpyp  “HoFe4l ‘CPF+I NeF+I  CTpap  Wak+I© “Clybr

0 2,064 113 L9 .73 1.87 .53 170  .3%

1.2

"
-
1.0

1.1

1.3

s

. 20.0; )

3.0

3.5

2,06
S 222
2,43
2,45
2,47
2.50
:zﬁsi'
252
.
‘2.213;

1.96

24

1.73

L
L%
1,33
1.00
ff93‘ ‘
8
_— ,
.80
79

.76

.74

72

11i68 7

1,40

2.00

2,28

257

2,59
264

2,60

’2.47

2.2

2.09

1.19

s k)
.80
.89
62
.51
.55

.53

19
2,19
2,46

2.49

2,46
2%
216
1.84

1.64
132
a1

93

.54
E .59
.67
e
 ;41lf 
40
T
L
36
36
5

.35

1,74
 2;22; o
2,70
2.67
‘2.43*)
-7‘2,13,e7'
“1.70
L
116
e
.76

.65

35

.2
‘j;24:

.23




 TABLE I
' DELTA FINS

A= 0.4

Ce=10° . e=15"  &=20° € =25

M, Cy ... X o Cyo X ¢ X, e X
7@ NF4L TCPpyy  Nop4r CCPpyp o NeF+T  CPR4p Nt CPp41

4 691 L6l 646 LIl 5.9 .85 578 69
.8 7.82 1.55 77;50"j 1.06 ~ 7.22 . .80 i 7.16*f7f.65"
L1 8.65 142 845 93 8.30 ‘.69:rf 8.00 .5
1.2 85 L2 8% . .93 8.00 69 7.69 .Sk
L3 8;34‘77‘1.42,17”8;15‘ .93 i ‘7.73 .69 7.39 -

- i;s‘., s.i5 142 7.63 7.7,93 732 .69 6.85 .54
.1;8 7.86  1.42 7.3 .93 6.7 .69 617 .56
on  ) i.§7 , _iléz 7,04 < 1f;§3 ; 6.38: 69 5.75 .54
"2,5 ,”\7.21  "1;4zr, fe};s‘ ,'.93 15.59‘1 ;6§_ﬁ'l 4.69':_ ;54‘
3.0 691 ;1.42_,ﬁ 5,7i.  .93 4.89 | 69 13;7i' 7:,54

3.5 654 1.42 5,21 .93 4.03 .69  3.06 .54




" TABLE IL - Continued.
A=0.5
‘= 1‘;0" h B A"“ve‘=‘15‘°r o é.:,ZVO‘,"? o €'=2,5° 5

Yo Opst XePper ONersr Xcppar Oersr Yebpyp CNersr Yoppr

335 L7 %13 .6 2.9 57 280 .46
8 376 104 362 .71 BT 346 43
1.i“;’ 4.23 .’  .95 4,02 .62 3.92 46 R73 0 .36
1.2 '74;10"' ';95v‘n 391 .62 3.72 .46 ,_5;54 : ;361
1;3" ‘3.96"7',.§5" 3.80 .62 ; ;3;58‘ 46 340 .36 >
1.5 . 3.81 .95 3;62“ 62 338 .46 315 .36
r"i,s '  3.64 .95 1.73.36' 62 5.07 46 7‘2.81\: ',36
2.0 EXS TR ieé'i 2,92 .46 o263 36
25 33 .95 291 .62 . 2.5 .46 21 .36
3.0 217 .95 2.6 .62 221 .46 L6 .36

3.5 2.9 .95 2.38 .62  1.83 .46  1.39 .36

N 7‘26,7 .



TABLE IL - Concluded

. S e=10 o “-7'.17507 N =ZO° AR \",e'=,‘25‘°'7

B e lCNaF{-'I‘ rAx_(:,PF7+I "CN;,Fﬁ' 4XCP‘F+31" ‘c‘:l‘k‘F-!-I | *ePryy  Nepsr ‘,xCVPFV+I‘
C LS8 148 .49 LY .3 L3z 1
| - ,11;807:' ,69‘17 f1f73 A “,1;66v,",3§“~ 1.65  ? ,29'
| 5'i.i“¢ f1Q947v,';61‘ '71,83 T i.76i\";3o Cner .2
1.2 ,'1.86 V';;61 L6 .41 1.66 :*:30‘ _1;58 L
L3179 .6 169 L4l 159 .30 LI .2
B  1.5gﬂ,i1.71’ .61 1,57 ¥;41' ‘, 149 .30 1,40 o
1.8 162 .61 150 .6l 1.3 .30 125 .
2.0 L7 el L el 130 00 19 u;,.zé‘
":°~2,5_; L4761 1,29 .41 i: 1,r4" 30 .95 2%
3.0 1.4l ,617,“71;12 : ;141 7Hl 1.00 1“;3¢j',‘;'}75 , 24

3.5 133 .61 1.06 .41 .83 .30 .62 .24

a1




~ TABLENI
 BODY ALONE AERODYNAMIC COEFFICIENTS

8% Cal. body 10 Cal. body 12 Cal. body 14 Cal. body .

28 -

'M'qf "CN(‘BVV‘ ;xCPB ‘ ‘(V:Nuin V‘,?‘CP'B" Cﬁc B : xCPB :_:Cﬁ“ B xCPB

0 203 5.50 232 6.53  2.39  8.21 2.67  9.45

4 ¢:;'1;83 ©5.87 ,‘;2;10”'f77;15 [7}2418 8.5 2.3 10,20 )
8 240 5.57  2.46 ',z.ooff<”2§5r“" 8.62 2.54 10,20 -
1.0 ) 12,75 4.95- 2.8 . 6.45 2,88 727}83;v 3.15 5,13

L1 269 518 2.8 685 291 8.06 S310 0 9.2

L2 2.64 .48 “2;755 AT z.ésf3ﬂfa;ss 3,04 9.80
1.3 2.62  5.65 272 7.31  2.80 8.8 2.9 1040
L5 27 5.8 275 7.47 279 9.26 295 10.%

; 1;8  7"2.857 l’5.63 285 7,4él 2.85  9.40 2.9 1133
 72;off  2f9o'5.44-'2.92 j 7;39",52.54"‘,9.30‘ 297 1135
S 25301 5.7 3.06 7.12 3,10  9.08 3.13 1L.05
jfé.o,f" 3;o6r '5.05 316 6.95  3.25  8.87 775.26 10.75

3,5 3.05 501 3,20 682 3.30 870 3.35 10.60

o * Includes 4.0 cal. tangent ogive

XCPB c‘al,ib‘erl"‘s ‘fr,‘om,rth’e bés‘e




| . TABLE IV
 RECTANGULAR FINS
| | A=0.4 |
' ’AR[=‘0‘. 50  AR=1.00 AR =0.75 AR =1.50

Mg Cu. Xl G Xem e wee ol
- e ™Ng CBy Ny  “CPg "Ny CPB ,

vy ory

3 0 ) 6;65"2.54.6;34'-1.63A ‘ 6.1i, 1,19 5.5 77
';..4  7  §{69 | 2(56 ‘r”é.47r,'.1}64? '6;197:f,1520‘_ '5.6&“ ;7av
.8 7.00 f,j2.77'fi 7,20 179 6.93 1.3l 7.02 .84
L0 7.1 300 7.93 2,00 7.40 150 :‘8;34"1;00.'
PR 7.60 241 807 151 7.82 1.08  8.82 .65
2 7.69 , 2,2§‘ 8.31 160 8.05 .98 .8.95;:i,58'
1.3 7.82  2.19 ', 8.46; L3 ,S,és BT 8,1111 54
L5 818 205 864 122 8.20 s 6;47 52
1.8 853  ﬁ1i89  853 L1 7.07 ‘~.7§, <; 4.95 sz
2.0 ‘8.76- .81 7.97 11.68_ 626 .78 419 .5éf'
2.5"28;42,‘1.66 6;367  1,04 9;4;36l'"'j;?8 : f5;12 W52
3.0 7.50  1.60  5.22 L0332 .77 249 .52

3.5 6.60 1,57 4.32  1.03  3.16 .77 2.08 .52

‘ NOT:E; (1) All fin Cent:éré of 'pre_sfsure are ’méasuped in
"~ . calibers from the base of the fin, o
“(2) CNé ‘valvu'e‘sar‘e for 2 fins deflected through an

‘ah‘gl_,e 6 of radians.

29



' TABLE IV. - Continued
A=0.5

AR =0.50 AR =0.75 AR=1,00 = AR =1.50

Mo Gy oy vy Yoy %y Yoy vy Foms
'VQ,‘ o 3.15 170 3.02 1.09 2.90  ‘,8¢ 263 .51
4 30 L1 3,09 L10 2.96 .80 270 .52
i'.é ,; 3.42‘ 1.85 ﬂ~3;52 1.20 3;3$‘;,;88 o 5.43 i-.56‘
'»1?0-@w-u§ﬂ3}7#~-»2§ae~~~fé;95wé~&;aa4;a+3;zs~4;*9@+;g{;4T;£«:vrazi o
1Qi 3 157 402 .98 '7:3.88 69 431 42
1.2';"‘ ,3;82 147 4 .90 75;947 .63 4.18 RETE
1;3,',7 3.88 1,40 412 .86 397 .59 359 .36 -
s | 403 132 A;iéir";79l;"3.69 .55 273 .36
18 PRUBERTE 3.8 .74 3.03 .54 2.05 .35
n g;orr 419 L1700 351 .72 2.63 53 1.7 ;35[*
- 2.5 3.78 110 270 .71 2,03 .53 1.3 .35
3.0 7‘” 3.26 1.08  2.ij‘ .70 '1;64:‘7.52";"1.08a7 ;35Y;

3.5 2,78 1.06 1.80 .70 1,35 .52 .91 .35

30




- ‘mLim'&;« '

" TABLE IV. - Concluded

| ) CA=0.6 o
AR =0.50 AR =0.75 = AR =1.00 AR =1.50

¢ x. ¢ Xep . Cy R
Fo wy crg Wy Fy Ny Torg

S ————————————

0 LS50 L13 L4273 LY .53 125 L3

‘Mg C

L2 L 147 .73 "“1.41» 54 1,28 .35
8 167 L2 L7 .80 CLes .9 L. 38
1o 186 133 L.97 .89 188 .67 207 .44

- L1 187, 100 1;95'1;,62:vf,'1.9d b 2.09?3r.27 f," |

1.2 »‘1.89_'.93'...2.01:;.57 CLBS 4l 175 .26
13 L9l .89 196 .55 L7l .40 148 .25

C1s ,"‘1.95"'L,64:r 1.81 .53 'fi;53lf'.38 133 L
L8 :7'1.871 ";éo*rf’1;58   {51?' 1.25 ;37>;L' .86 .2
2.0 L8l .79 1.45 by i.oé'_ 36 .74 %
EXE 1.56 ,76‘,"1.12  .48 o .85 .36 ;58 | .23
3.0 L34 L6 .er .4 . L3 RV S

S35 115 .72 .76 .47 .59 L35 L6l .23

31




TABLEV -
'DELTA FINS
E A= 0.4 -

€=10° =15  e=200  e=25°

Ny

CP

- 1,1

1}27,
11.3V
15
BEwE
2.0
‘-2 2;55

3.0

- 3.5

32

5,49
‘5.22
6.86

>‘, 6.77

6,60

bbb
6,20
6,04
5,67
is;aé :

3.1l

“i;51'7‘
s
142
1.42

1.42

1.42

142
142
;'1.42’
1;42 7

1.42

Ny
Sgiaf
5.96
6.70
| 6.60

WV

6,02

5.77

5.52
4,96
4,49 .

4,03

XCP§>-
f1,11 ‘v74.76‘
1.06
e
.93
.93 , 
.93
9
.93

.93

.93

.93

5.74 -
6.57

6,32

6.09

5.75
5,27

4,98

4‘. 34

3,77

13,09

.80 5
60
.69
o
.69
69
T

:: .69 '

3.61

2.84

2,32




. erer Y

TABLE V. ‘CTo‘nrti'nued[ :
. x=0.5
ce=10°  e=15° . e=20° ¢=25°

X, . C

e % ~ T oy Ny xcr& 3_°ﬁ5 “ : Ty S
4 '2,53' 107 2.37 e 2,20 s 212 46
.8   2.84,"71;041" ‘2.743 :;;71” .64 .54  ‘2.62" ‘;43‘7"
EREERTA f 95  3.05 .62  2.96 .46  2.80 ‘;367 
1.2 '73;127'7'A.953 2.95 .62 - 2.78 “,.461,2.64A .36
L3 300 .9 "2.85: 62 ‘2.67 .46 254 .36
171L5  2.86 . ;95'f',i;70 .62 “: 2.50 .46 2.32_'['.36f:
"'1}8 "'2.227 .95 77'2.4§ .62 2.26 .46 2.05 .36 .
2.0 264 95 239 .62 214 .46 1.91 .},3§§, o
25 ‘2.45",,5.95“ 7,2.14':~'.625, ; 1.85 .46 CLsa 36
3.0 2.3 .95 .93 .62 LS9 .46 1.20 .36 o

3.5 213 .95 173 .62 1.31 .46 .98 .36

33




o TABLE V.- C,o‘n'cl‘u,ded» |

x~=roj6,

€ = 15°

c

s "y

1.3

T 1.8

2.0

04 ‘

1.1 |

1.2

1

2.5

 3.0

34

.91

61
el
':Qei'”
e

61

.61

1,08
L
L3

RN
1.18 -

1.09

1.03

.99
.88
79

L1

49

‘.'30‘
.30
.30
‘T,3o'i
300

.30

i,21‘7
1.7
110
1,04

.81

T

2

L2



TABLE VI

 ROLLING MOMENT COEFFICIENTS

w4 -1.958  4.604
s 2982 2,042

.6 1182 90

.Us'ihg‘Refefven'c-e';?' h

‘*Clé is for the frin's,diffvér'entially
‘_‘r,r‘ddleCt'e,d through & radians.
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